INTRODUCTION
In considering the ratio of distribution of any constituent between the particulate and vapour phases it is necessary to decide which moment in the history of the tobacco smoke that one is studying .. If one considers the temperature gradients which exist between the glowing zone and the butt end during a puff (1.) it is clear that there will be a rapid change in the distribution of compounds between the phases as the smoke travels along the falling temperature gradient through the cigarette. As the temperature gradient approaches ambient it may be supposed ·that thermal condensation ceases and that a state of dynamic equilibrium is reached in the distribution of various smoke constituents between the particulate and vapour phase in the undiluted smoke. Grab (2.) has ·compared the composition of vapour phase when passing through a Cambridge Filter at 2.5° C and 6o° C but we are here primarily concerned with the ratio of distribution between the phases at ambient temperature. It is obvious that some constituents of the smoke will be predominantly in the vapour phase, e. g, permanent gases, or in the particulate phase, e. g. high boiling tars, but there is a considerable range of constituents whose vapour pressure is such as to suggest that they will be distributed between the vapour phase and the particulate phase. It is easy to remove the particulate matter from tobacco smoke but one cannot necessarily claim that in doing so there has been no transference of smoke constituents from one phase to the other. Therefore, in the tests which we have carried out, we have attempted to separate the phases from each other by a number of different processes to see if a general picture can be built up which might reliably be thought to represent the composition of the phases while still mixed.
Three methods of separating the particulate phase from the vapour phase were used: a) electrostatic precipitator, b) Cambridge Filter, c) gravitational settling. METHODS It was necessary to have two sampling systems, one to take vapour phase samples after the removal of particulate matter, and the second one to sample material volatilized from particulate matter retained in the traps, and the following systems were used:
To avoid the various problems of condensing and handling the vapours in cold traps, the following apparatus was devised (Fig. 1.) . The trap consisted essentially of a plastic bag inserted in a 1. litre filter flask with connections so arranged that if a 35 ml puff was taken from the filter flask a corresponding 35 ml puff was taken into the plastic bag. The material of the plastic bag had so far as possible to be impermeable to vapours, and the material used was a laminate of polyethylene and biaxially orientated polypropylene. Using this apparatus F 1 G u RE 1 in the puffing train behind the particulate trap it was possible to obtain a well mixed sa~ple from nor 15 puffs. To sample this on to the gas chromatograph it was only necessary to expel a portion of the contained vapours through a conventional gas sampling loop and to transfer this to the column in the usual way. To obtain a sample of vapours evolved from e. g. the electrostatic precipitation tube, a two stage sampling procedure was necessary with the apparatus shown in Figure 2 . With tap 'A' closed and tap 'D' open the reservoir flask and sample loop 'B' were evacuated through tap 'C'. The vacuum source was isolated and tap 'A' was opened thereby causing vapours present in the precipitation tube at ambient temperature to distribute themselves through the entire syst~. The sampling valve was turned at this stage to inject a sample of these vapours on to the column. Taps 'A' and 'D' were again closed and the precipitation tube which was now at a much reduced pressure was immersed in boiling water for 30 minutes. At the end of this time, the first chromatograms had cleared the column and with tap 'A' still closed the portion between tap 'A' and tap 'C' which included the sample loop was pumped out. After a few minutes the pump was isolated from the system and tap' A' was opened causing the vapours in the precipitation tube to distribute themselves through the system up to tap 'C'. The gas sampling valve was immediately turned to inject a sample of these vapours on to the column. The peak heights from each chromatogram were corrected to allow for the different aliquot ratios sampled in each case and then summed. In practice, however, the chromatograms obtained in the first stage were found to be generally of negligible size. When the Cambridge Filter was being tested the same apparatus was used but with a clean precipitation tube in place of the one containing condensate. The Cambridge Filter pad was quickly removed from its holder and dropped into the empty precipitation tube, and the same sequence of events was followed. The use of the empty precipitation tube ensured that the various voltimetric ratios were the same for the Cambridge Filter and the electrostatic precipitation tests.
3· Gravitational Settling Sample Device
The apparatus shown in Figure 1 was used but with the particulate trap removed. When the cigarettes were smoked, whole smoke was admitted to the flexible bag until twelve puffs had been collected then the trap was set aside for 15 minutes. By this time all the smoke haze had disappeared from the top half of the bag and a sample of this particulate free vapour could be drawn through the sampling loop in the usual way. For the ageing tests, repeat aliquots from the same smoke sample were analysed at further intervals of 40 minutes.
Smoking Procedure
12 cigarettes were weight selected and cut to 55 mm length, which is a common length of tobacco rod used with regular sized filter cigarettes in the U.K. These were inserted in 12 adjacent ports of a 24 port rotating head smoking machine set to the CORESTA standard smoking cycle (one 2 second puff of 35 ml per min. per cigarette). The smoke from the first four puffs from each cigarette was collected on a Cambridge Filter situated immediately behind the rotating head. After four puffs had been taken from each of the 12 cigarettes, the Cambridge Filter Unit was removed and replaced with the trap under test which was in turn connected to the vapour bag collecting system described above (Figure 3) . This replacement took place in the 30 seconds during which the 12 empty channels were passing the puffing port, without interrupting the operation of the machine. The fifth puff from each cigarette was passed into this combined collecting system and immediately on completion of the fifth puff from the twelfth cigarette this combined trapping system was detached from the smoking machine. (This procedure was slightly modified when using the electrostatic precipitator to allow for extra dead volume which had to be swept before the vapour phase reached the sampling bag.) The vapour sampling bag was sealed and the .pad from the Cambridge Filter Unit containing the condensate from the 12 sample puffs was rapidly transferred into a stoppered precipitation tube. Samples from the vapour bag collecting system and from the heated precipitation tube were taken as described above and injected into the gas chromatograph. When the electrostatic trap was under test the precipitation tube with the collected condensate was itself stoppered and transfe:lred to the sampling apparatus shown in Figure 2 . 
'

Gas Chromatography Conditions
sooc DISCUSSION AND RESULTS
Using the technique described, the efficiency of removal of each of the :1.7 numbered peaks in the chromatogram was calcUlated for the Cambridge Filter Unit and the electrostatic trap. As a first approximation, it was assumed that recovery by volatilization from the traps was complete, although in fact, as discussed by Grob (3), there may be some doubt in the case of more reactive materials such as acrolein, (Peak 6) where zero recovery was obtained. The retention of each constituent was plotted on a chart and the points were joined to provide a visual aid in comparing the pattern of retentions for each trap ( Figure 5 ). It can be seen that the Cambridge Filter Unit and the electrostatic trap produce a very similar pattern of retention both quantitatively and qualitatively throughout the volail d Th al 100 '/oR t' ity range examine . e gener .level of retention in these two 'traps is of a low order, being mostly well below 15°/o. According to the theory of electrostatic precipitation only particulate matter should be retained by this type of trap (4). Further, with the ., minimum of contact between vapour and the precipit!lted condensate which the conflguration of this trap allows, a reasonable assumption is that the material collected in the precipitation tube after smoking will have the same composition as the aerosol particles immediately prior to precipitation at the same temperature. If this is so, there should be good agreement between the composition of vapour phase which has passed through an electrostatic trap and the vapour phase recovered from smoke where particulate matter has been allowed to settle under gravity. In fact, this is found to be the case with three notable exceptions, namely, acrolein, acetonitrile and diacetyl. The amount of eadt of these constituents in the vapour phase is lower in the gravitational settling experiment than in the electrostatic separation. The reason is not hard to find in the case of acrolein and acetonitrile if we look at the fall in the concentration of these two constituents with time in the gravitational experiments (Figure 6 ). The acrolein content of the vapour phase in contact with particulate matter drops very rapidly whereas the acrolein content of vapour phase separated from particulate matter drops only slowly. The same applies to acetonitrile. To date, we have been unable to explain the behaviour of diacetyl since it always appears to be at a considerably lower concentration in the vapour phase from the gravitational separation than from either of the traps. Yet both traps remove more diacetyl than any other of the measured constituents. This could easily be explained if diacetyl could be shown to be reduced by contact with the particulate phase in the same way as acrolein and acetonitrile. Experimental results do not.bear this out, however. In the case of the Cambridge Filter Unit this theoretically should also retain only particles, but due to the close contact between the vapours passing through it and condensate already trapped. on it, there is the possibility that some vapours may be retained by a solution effect or that some of the more volatile condensate may be re-volatilized and swept off. However, comparison of the concentration of the constituents of the vapour phase passing through the electrostatic tr"-p and the Cambri~ge Filter trap show that they are very similar indeed (Table 1. ). As the vapours passing both an electrostatic trap and a Cambridge Filter Unit agree so closely in composition both quantitatively and qualitatively although the particulate phase has been separated by different medtanisms in each case, and as both of these agree also very closely with the composition of the vapour obtained after gravitational separation of the particulate phase suitably corrected for the ageing effect of acrolein and acetonitrile it is reasonable to assume that the composition so obtained represents the actual composition of the fresh vapour phase at ambient temperature while still part of the whole smoke aerosol.
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